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motorcycles registered annually in Malaysia is about s0% - 600A, that is
approximately 5.8 million motorcycles, with an average annual growth rate of
approximately 7% (Highway Planning Unit, Ministry of works Malaysia, 2003).
Therefore, the fast growing rate of motorcycle ownership in Malaysia has become a
critical issue in the safety and management of traffic system in Malaysia.
Currently, there are many researches conducted around the world on car ownership
such as the studies conducted by Button et al (2003) on the factors influencing the
ownership of vehicles in low income countries, Dargay (2002) on the factors
determining car ownership for households living in rural and urban areas, Medlock
and Soligo (2002) on developing a model that predicts the relationship between
economic development and the per capita rate of private ownership of cars and so on.
Dissanayake and Morikawa (2002) also have conducted a study on household travel
behavior variations relating to vehicle ownership particular car and motorcycle
ownership, mode choice and trip-chaining considerations by using Bangkok
metropolitan region as a case study. However, not much research has been conducted
to investigate the characteristics of motorcycle ownership particularly in Malaysia.
Hence, in this research, a disaggregate choice model describing motorcycle ownership
will be developed. Development of this model will give an indication on the future
trend of motorcycle ownership in Malaysia.
MOTORCYCLE MARKET IN MALAYSIA
Motorcycle ownership in Malaysia
In Malaysia, vehicles composition registered annually consists mainly of passenger
cars, motorcycles, buses, medium and heavy lorries and almost 50% of the vehicles
registered are motorcycles. The number of motorcycles estimated on the road in year
2002 is approximately 5.8 million, compared to 5 million passenger cars (Highway
Planning Unit, Ministry of Works Malaysia, 2003). Motorcycle ownership in
Malaysia has also increased rapidly from 0.13 motorcycles per person in year 1990 to
0.23 motorcycles per person in year 2001. Conventionally, Malaysians prefer to
purchase smaller motorcycles in the range of 70 cc to 1 15 cc. Large motorcycles are
available but not very practical because during traffic congestion there is simply not
enough space for large motorcycles to weave in and out of queuing vehicles to get to
the front. Nevertheless, the majority of motorcycle owners does not own a car and
belong to the lower and middle-income group. Figure i shows the traffic composition
in Malaysia from year i963 to year 2002. However, for other types of motorizeci
vehicles such as lorries, trailers and buses, the data available are only for year l9B7 to
year 2002.
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Factors affecting motorcycles demand in Malaysia
Motorcycles market in Malaysia will sustain and continue to grow in the future due to
several factors. One of the main contributing factors is traffic congestion, As a result
of the increasing number of vehicles on the road every year, traffic congestion has
reached a critical level especially in the city center. Hence, motorcycles are a useful
mode of transportation for commuting within the city area especially during traffic
congestion due to its small size and high maneuverability. Furthermore, many roads
in Malaysia are very naffow due to space constraint especially in states such as
Penang and as well as in rural areas, where the roads there are small and undeveloped.
Therefore, motorcycles are the preferred mode of transpoftation in those situations,
Apart from that, the lower income group still depends heavily on motorcycles for
transportation to save cost. Parking rates for motorcycles in most of the buildings
within the city areas are usually cheaper and sometimes free of charge as compared to
parking rates for cars. Besides that, parking spaces for motorcycles are a lot easier to
find .as compared to cars. Inefficient public transportation also prompted higher
motorcycles demand among the lower income group.
DATA CHARACTERISTICS
Survey
The data used in this research were collected from the interview survey conducted in
the state of Penang from October 2004 to July 2005. The survey consists of just one
page of questions, divided into two sections. In the first section, personal background
data such as gender, race, age, marital status, monthly income, motorcycle and car
ownership data, commuting purpose, destination and distance traveled using either a
car or motorcycle or both were asked. Apart from that, monthly expenses on
transportation as well as major factors influencing the decision to purchase either a
car or motorcycle of both were asked. In the subsequent section, household
information was collected. In this section, the household data such as number of
family members that reside together, total household monthly income, total number of
cars owned, total number of motorcycles owned and number of family members
having car and motorcycle driving license were required.
Characteristics of survey data
In the survey conducted, data from a total of 547 respondents were collected. Upon
discarding the uncompleted surveys as well as surveys with too much misleading daJa
or data with errors, 435 surveys were retained for an overall response rate of 79.5%.
Table I shows the number and percentage of three motorcycle ownership levels
stratified by gender, race and marital status. Based on Table 1, the results showed that
majority of motorcycles owners are Malay male while marital status does not have a
significant impact on motorcycles ownership.
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Figure 3: Factors influencing motorcycles ownership
Table 4 shows the number and percentage of three motorcycle ownership levels
stratifred by three levels of car ownership. From the survey conducted, as many as
394 respondents (90.6%) have car driving license and 33i respondents (775%) have
motorcycle driving license.
Table 4: Number and percentage of three motorcycle ownership levels stratified by
the number of cars o\.vned individuallv
From the questionnaire survey conducted, based on a total of 435
the respondents owned at least I car. According to the surveys,
influences car ownership is due to the hot and rainy weather in
shows other factors that influences cars ownership.
respondents, 300 of
the main factor that
Malaysia. Figure 4
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Figure 5: Distribution of motorcycles and cars ownership with income.
Figure 6 shows the total monthly expenditures on transportation. Majority of
Malaysians spent less thanl0o/o of their monthly income of transportation.
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Figure 6: Monthly expenses on transportation
From the questionnaire survey conducted, based on a total of 435 respondents, 135
respondents (3I.0%) do not own a car and 171 respondents (39.3%) do not own a
motorcycle. Therefore, from 690/o of the respondents who own at least I car and
60.7% respondents who own at least I motorcycle, the comparisons between car and
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Figure 11 shows the total number of cars in the household. Based on Figure 11,
majority of households in Malaysia have I to 2 cars and the average number of cars in
a household is 1.62 cars per households.
Figure 12 shows the total number of motorcycles in the household. Based on Figure
_ 
12, majoity of households in Malaysia have I to 2 motorcycles and the average
number of motorcycles in a household is 1.43 motorcycles per households.
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Figure 12:Total number of motorcycles in households
Figure 13 shows the total number of family members in a household that have car
driving license. Based on Figure 13, on the average, there are 2.53 car driving license
holders in the households.
Figure 14 shows the relationship between motorcycles and cars ownership with
income.
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Figure 1l: Total number of cars in households
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Figure 15: Total number of motorcycre license holders in households
Therefore, based on the results obtained from the survey, disaggregate choice modelsfor motorcycle ownership were developed using the statistiJal software known as
,9P.9,9.
DISAGGREGATE CHOICE MODELS FOR MOTORCYCLE OWNERSHIP
Disaggregate choice models using multinomial logistic regression for motorcycle
ownership was developed separately for individual motorcycle ownership and
household motorcycle ownership. This is to explore on the diffeiences of explanatory
variables used to develop the individual motorcycle ownership and household
motorcycle ownership models.
Disaggregate choice model for individual motorcycle ownership
The explanatory variables used in the model and the coefficients obtained are as
shown in Table 5 and the reference category is no motorcycle. The explanatory
variables have been chosen to maximize model fit. Commuting distance and marital
status was found to be insignificant and therefore were removed from the model. In
this model, upon conducting various analyses using different combinations of income
groups, it can be concluded that only 3 income groups that are significant. They are
the low income (< RM 1000), medium income (RM r00l 
- 
RM5000) and-high
income (>RM 5001).
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Disaggregate choice model for household motorcycle ownership
The explanatory variables used in the model and the coefficients obtained are as
shown in Table 6 and the reference category is no motorcycle. Household car
ownership was found to be insignificant and was removed from the model.
Table 6: Household cle nershi
Note: * This parameter is set to 0 because it is redundant given the intercept term.
As mentioned before, parameters with positive coefficients increase the likelihood of
that response category and parameters with significant negative coefficients decrease
the likelihood of that response category with respect to the reference category. Hence,
the negative coefficients for household car license holder categories in Table 5 shows
that households with at least one person having a car driving license will decrease the
likelihood of owning any motorcycle. As well as for the 2 plus motorcycles
ow results
Intercept
Household income: < RM 1000
Household income: RM l00l 
-RM 1500
Household income: RM l50l 
-RM 2500
Household income: RM 2001 
- 
RM 5000
Household income: > RM 5000
Household members: > 6 persons
Household members: 3 
- 
6 persons
Household members: 1 
- 
2 persons
Household car license holder: I person
Household car license holder: 2 persons
Household car license holder: 3 persons and more
Household motorcycle license holder: I person
Household motorcycle license holder: 2 person
Household motorcycle license holder: 3 oersons and more
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Intercept
Household income: < RM 1000
Household income: RM 1001 
- 
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Household income: RM 1501 
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-RM 5000
Household income: > RM 5000
Household members: > 6 persons
Household members: 3 
- 
6 persons
HouseholC members: I 
- 
2 persons
Household car license holder: I person
Household car license holder: 2 persons
Household car license holder; 3 persons and more
Household motorcycle license holder: I person
Household motorcycle license holder: 2 person
Household motorcycle license holder: 3 persons and more
-2.335
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1.7 56
r.739
0*
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2.528
0x
- 1.s39
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0{,
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0.026
0.010
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TECHNICAL REPORT
"Modelling Motorcycle Ownership in Malaysia:
Case Study of Pulau pinang"
(304.PAWAM.60351221
per person in year 2004.There are about 13.2 million registered motorized vehicles in Malaysia. ln
term of vehicles composition, the percentage of motorcycles registered annually in the country is
approximately 50% - 60% with an average annualgrowth rate of aboutTo/o (Highway planning Unit,
Ministry of Works Malaysia, 2003).
fn Pufau Pinang, there are 602,017 registered numbers of motorcycles from a total of 976,0g5
registered numbers of motorized vehicles on road in the year 19gg. ln year 2005, there are
864'587 registered motorcycles with an increase rate of 5.57o/o compare to year 2004. On the
average, the increment of registered motorcycle annually in pulau pinang is about 43,000
motorcycles from year 1998 to year 2005. lt is among the highest in Malaysia. This is a
tremendous figure for one of the smallest state in Malaysia in terms of vehicle to the road capacity
especially in the island. Generally, Penangites prefer to own a motorcycle because it is affordable
in term of cost, high maneuverability and easy to park. The current statistic shows that there are
1.47 million of registered vehicles but with only 1.4 million people in the state of pulau pinang
(Chief Minister of Pulau Pinang, March 2006).
Figure {.t: High volume of motorcycles using the ferry services during peak hours
Motorcycles are relatively small in size, giving maneuvering flexibility and the freedom to park
practically anywhere. lt also has a higher ratio of power-to-weight compare to car. A High-
Performance-Small-Motorcycle (HPSM) is a light weight motorized two-wheeler, not classified as
scooter, weighing less than 100 kg which is aerodynamically designed with the capability to travel
more than 100km/hr. This HPSM gives about 60% of the total registered vehicles in Malaysia
(Pang et. al,2004).
{.4 Scope of Study
Questionnaire surveys were conducted in the state of Pulau Pinang (island only) from April 2005 to
December 2005. The target group of this survey is society who owned motorcycle on the island of
Pulau Pinang.
The survey consists of two pages of questions, divide into three sections. In the first section,
personal detail data such as gender, race, age, marital status, occupation, monthly income,
residential location, hometown, motorcycle and car ownership data, education background,
involvement in motorcycle accident, willingness to sell motorcycle if they buy a car, willingness to
buy a motorcycle if they own a car, commuting purpose, destination and distance traveled using
either car or motorcycle or both were asked.
In the subsequent section, household information was collected. The household data such as
number of family members that reside together, does the participant live with family, total
household monthly incgme, leader in family and does the leader owned a motorcycle license. Apart
from that, total numbers of motorcycle and car owned by family members, total numbers of family
members with car and motorcycle license and the principal transportation mode in the family were
asked.
ln the third section, vehicle ownership and usage data were collected. Monthly expenses on
transportation, vehicle personally owned, type of motorcycle owned as well as major factor
influencing the decision to purchase either a motorcycle or a car. Lastly, Five-Point Likert scale
questions on opinion of Pulau Pinang such as traffic condition, behaviour of motorcyclists,
behaviour of drivers, road condition and road infrastructures for motorcyclists were also asked.
1.5 lmportance of Study
Understanding the trend of motorcycle ownership will lead to identification of suitable strategies
and countermeasures to overcome traffic issues thus improving the safety and performance of
traffic system in Pulau Pinang. lt is important for future planning and development of traffic system
in the state. Efficient traffic management enhances national economy growth.
1.6 Contents of Report
This report is divided into 5 main chapters. Chapter 1 briefly describes the trend of motorcycles
ownership in Malaysia, objective, scope and importance of study. In Chapter 2 which is the
literature review, previous published researches carried out by local or international researches
CHAPTER 2
LITERATURE REVIEW
2.1 Introduction
Modelling of motorcycles ownership in Malaysia with the case study of pulau pinang is a new
scope of study. Most researches are conducted on motorcycle safety issues which include the
design of the motorcycle itself, factors influencing motorcycle accidents, motorcycle accidents
characteristics, exclusive motorcycle lane and comparison study on motorcycle traffic development
in some Asians countries. Radin et. al (1995) on modeling factor of influence 
- 
related motorcycle
accidents in Seremban and Shah Alam, Malaysia, Pang et. al (2000) has conducted studies on
accidents characteristics of injured motorcyclists in Malaysia and Mohd. Fauzi et. al (2004) studied
the value of life and accidents costing in Malaysia.
Most researches conducted in Malaysia were based on motorcycle safety because motorcyclist
contributed almost 70o/o of all injuries (death, serious injury and minor injury) in accidents o_n
Malaysian roads and estimated overall relative risk is about 20 times higher compared to
passenger car (Hussain et. al, 2001 and Radin et. al, 1995). Motorcyclists are more prone to
accidents because the motorcycle itself offers very little protection to the motorcyclist and pillion
rider during crashes. Government is very much concern on this national issue because it cost a lot,
in terms of value of life and accident costs. Therefore, government encourages local institute of
higher learning and research centre to conduct studies on motorcycle safety. Only in recengy
years, after acknowledging the safety parameters on motorcyclists then researches start to focus
on other aspects on motorcycle.
There were studies conducted by Hussain H. et. al ( 2001) on preliminary study of motorcycle lane
capacity in Malaysia, Hsu et. al (2003) on a comparison study on motorcycle traffic development in
some Asian countries 
- 
case study of Taiwan, Malaysia and Vietnam, How et. al (2001) on the
crashing behavior of motorcycle basket under impact loading, Law et. al (2003) on factors
influencing red lights runners among motorcyclists in Malaysia and the latest study carried by
Leong et. al (2005) on the modelling motorcycle ownership in Malaysia. This shows that there are a
wide range of aspects that need to be studied in order to overcome traffic related problems
especially those involving motorcycles in Malaysia.
2.2 Related Studies on Gar Ownership
Currently, there have been many researches conducted all over the world on car ownership such
as studies by Dargay and Gately (1997) on income's effect on car and vehicle ownership
In year 2001, Joyce M. Dargay has carried out a research on the determinants of car ownership in
rural and urlcan areas with the application of a pseudo-panel analysis. The paper examines the
factors determining car ownership for households living in rural and urban areas. A dynamic car
ownership model is estimated using pseudo-panel approach based on data from Family
Expenditure Survey in the United Kingdom for year 1982 till 19g5. The results show that rural
households' car ownership is far less sensitive to motoring costs than that of their urban
counterparts. The implication of these results are that general increases in the costs of car
transport would pose a considerable economic burden for rural households, and that other area-
specific transport measures may be more suitable, particularly from an equity point of view.
Apart from that, Sangho Choo and Patricia L. Moktharian have conducted a study on the role of
attitude and lifestyle in influencing vehicle type choice in year 2002. For the past, economists and
market researchers have been interested in identifying the factors that affects consumers, car
buying behaviors to estimate market's demand and to that end, they have developed various
models of vehicle type choice. Usually, they do not consider consumers' travel attitudes,
personqlity, lifestyle and mobility as factors that may affect the vehicle type choice. The study is to
explore the relationship of such factors to individuals' vehicle type choices and to develop a
disaggregate choice model of Vehicle type based on these factors as well as typical demographic
influential variables.
The data of the study come from the mail-ouUmail-back survey of 1904 residents in San Francisco
Bay area. The dependent variables (the most often ridden vehicle) are classified into nine
categories: small, compact, mid-sized, large, luxury, sports, van/minivan, pick up and sports utility
vehicle. Based on these categories, vehicle choices were correlated to travel attitude, personality,
lifestyle, mobility and demographic variables individually, using a one-way analysis of variance and
chi-squared tests. Then, a multinomial logit model for the vehicle type choice was estimated. The
final model confirmed that the analyzed variables significantly affect an individuals' vehicle type
choice. The results of the study provide useful reference for the vehicle manufacturers, authorities
and planners of transportation policy related to vehicle ownership, traffic congestion and energy
consumption.
The previous researches on car ownership are useful as reference for future studies on other
vehicle ownership such as motorcycle ownership. Some of the factors that influence car ownership
also affect motorcycle ownership.
ownership and usage in Asia may be influenced by parameter:s that are different from western
countries' Some of important parameters are population density, cultural background, economy
and the weather in a particular city. Apart from that, Gross Domestic product (GDp) growth was
proven to have strong influence on the growth of motorcycle.
According to the research, motorcycle ownership is influenced by its advantages such as the
affordable price, the convenience of using a motorcycle which provides door-to-door access and
easy to park as well as high maneuverability. ln Malaysia, motorcycle has been the main prio1ty
because it often becomes the first vehicle purchased by new workers. Besides that, it is the
popular mode of transportation for the low to middle income groups in urban and rural areas.
Motorcycle is suitable to be used for short journey and it is the main commuting mode for daily
travel in these three countries. Education background, age group using motorcycle, monthly
income and travel distance are some of the demographic factors that affect the motorcycles
ownership in those countries. Besides that, there are some differences in traffic rules and
motorcycle traffic characteristics among Taiwan, Malaysia and Vietnam.
In the reports, the researchers also state that if the motorcycle composition in a traffic stream is
above 857o' it is advisable to calculate the volume of motorcycle based on the motorcycle index
rather than the passenger car equivalent index (PCE). Motorcycles were found to be the most
dangerous mode of transportation in those countries. Hazard associated to motorcycle is
signiflcant due to the mixed traffic flow on roads.
Tuan et. al (2005) has carried out a research on modeling of household motorcycle ownership
behaviour in Hanoi City. The objectives of the research are to develop dynamic discrete choice
model models expressing the ownership behaviour and investigate household response to policy.
Firstly, a retrospective survey is conducted to collect information of the household motorcycle
transaction processes. In year 2003, a total of 299 sampled household data are collected to build
the dataset. On average, one household has 3.6 people and is holding 1.7S motorcycles.
Approximately, two people are holding one motorcycle, producing an extremely high rate of
motorcycle ownership compared to other developing cities in south East Asia. In the research,
heterogeneity is analyzed using random coefficients logit model. State dependence is investigated
using buy-smooth and lagged dependent variables. The results show the increases in numbers of
workers or students, motorcycle price, income and previous transactions significanfly influence
current transaction decisions. The researchers also suggested that imposing sufficient high taxes
on motorcycle users could be effective in controlling the motorcycle ownership. As conclusion for
the study, the researcher states that development of a motorcycle ownership based on local travel
demand is important for future motorcycle ownership and motorcycle travel demand understanding.
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The estimated number of registered motorcycles on road in year 1963 was 112 0g6 cornpared to
124 651 passenger cars with the population of about 8.9 million people. The motorcyctes
ownership at that time was 0.013 motorcycles per person. Motorcycles ownership in Malaysia has
increased tremendously from 0.13 motorcycles per person in year 1990 to 0.2S motorcycles per
person in the year 2004. Motorcycle is the first choice vehicle for most Malaysians because it is
cheap, easy to maneuver, and saves time and cost. The motorcycle market has been blooming for
years due to the great economic development and has close relationship w1h the increase in the
Gross Domestic Product (GDP) of the country. The average annual grourth rate of registered
motorcycles is approximately 7o/o (Highway Planning Unit, Ministry of Work Malaysia, 2003).
Figure 2.1 shows the traffic composition in Malaysia from year 1960 to year 2004. However, the
data for other type of vehicles which consists of lorries, traiftrs and buses are only available from
year 1987 to year 2004. Besides that, information for motorcycles ownership are not available from
year 1983 to year 1987. Nevertheless, the figure clearly shows that the number of registered
vehicles in Malaysia is increasing rapidly especially the numbered of registered motorcycles which
is the highest among all $pes. The trend of motorcycle ownership is expected to increase
tremendously this year due to the increase of fuel price in the country by the Government.
Therefore, Malaysians will either to use motorcycle or public transportation in order to reduce the
cost of living. However, under certain circumstances, the number of Malaysians that will choose
public transport as their main transport will not be significant because not all urban or rural areas in
Malaysia are equipped with good and integrated public transport. Only in certain urban cities such
as the Klang Valley is provided with a well planned public transportation system which consists of
buses, trains and light railway transits. Therefore, motorcycle ownership is still the best alternative
for most Malaysians.
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The state of Johor and Wilayah Persekutuan are among the states with highest registered
motorcycle ownership because the size of population in those states far bigger than states like
Perlis, Sabah and Terengganu. Besides that, the cost of living in certain urban city such as Johor
Bahru, Kuala Lumpur and Penang island are comparably higher than places like Kuala perlis and
Kuala Terengganu. Therefore, people in areas with higher cost of living opt for motorcycle as than
primary mode of transport. Topographic factor also influences motorcycle ownership in certain
states like Sabah. Most part of Sabah is on mountainous terrain areas therefore motorcycle is not a
suitable mode of transport compare to other highly powered vehicles such as four-wheeled drive.
The usage of motorcycles in such states is limited to urban city or area with flat land only.
From the engineering aspect, motorcycle ownership has close relationship with the available of
well-built and well-maintained road facilities. This is proven by the number of registered
motorcycles in the states of Kelantan and Sabah. Kelantan is an opposition controlled state and its
government is facing financial constraint to built and maintain good road facilities which causes bad
road networks. The economic growth in the Kelantan is moving at a very slow pace and this affects
the vehicles ownership in the state.
2.5 Motorcycles Ownerchip in Pulau Pinang
The motorcycles ownership in the state of Pulau Pinang is among the highest in Malaysia.
Statistics shows that the motorcycles ownership in the state is increasing at a rate of S.0 % to 6.5
% annually. In the year 2005, the total of new registered motorcycle in Pulau Pinang is 45 60g
motorcycles at an increase rate of 5.6 %. The traffic composition in Pulau Pinang mainly consists
of motorcycles and passenger cars where the volume of motorcycles is approximately 60 o/o of the
total registered vehicles. Motorcycle ownership in Pulau Pinang increased slighfly from 0.b1
motorcycles per person in year 2000 to approximately 0.57 motorcycles per person in the year
2004. This shows that the motorcycle ownership in Pulau Pinang is above the national average
motorcycle ownership of 0.25 motorcycles per person recorded in the year 2004.
Figure 2.3 shows the level of motorcycles and cars ownership in Pulau Pinang from year 19g8 to
year 2005. The bar chart clearly shows that motorcycles ownership is comparatively higher
compare to cars ownership in Pulau Pinang. Motorcycles ownership in Pulau Pinang will continue
to grow in the future due to severalfactors. lt is estimated that the number of registered motorcycle
on road in the state will reach the one million mark in few years time. The planning and provision of
transportation infrastructures for urban travel in the state has been largely oriented towards the
need of private vehicles. Traffic congestion has been the political issue because it has reached a
critical level during peak hours especially in the city center. ln the year 2005, a total of 100 824 new
vehicles registered compare to 98 281 new vehicles in the year 2004 and is the forth highest in the
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schedules, bus operators are frustrated by buses being unable to follow the fixed schedule due to
traffic congestion during peak hours.
Pulau Pinang is among the states that has the highest number of road accidents in Malaysia. One
of the contributing factors is high composition of motorcycles in mixed traffic flow especially in
congested area. Apart from that, human error and traffic environment constraints also cause road
accidents. Table 2.1 shows severity of motorcycle accidents for motorcyclists and pillion riders in
Pulau Pinang from year 1998 to 2003. The number of motorcyclists that got killed in crashes is far
more than pillion riders. The statistics does not represent the actual comparison between
motorcyclists and pillion riders that had passed away in crashes because not all motorcycle
accidents involved pillion rider.
Table 2.2 represents the casualties of motorcyclists and pillion riders per 10,000 motor vehicles
stratified by the severity of injury. The statistics for the three categories of injury in Pulau Pinang
are relatively high compare to the national statistics. The current situation is 4,5 deaths per 10,000
registered vehicles nationwide.
Table 2.2: Casualties among motorcyclists and pillion riders per 10,000 motor vehicles in
Pulau Pinang from year 1998 to 2003
Year
No. of Registered
Motor Vehicles
Casualties per 10,000 Vehicles
Dead Seriously lnjured Lightly lnjured
1998 976085 2.9 3.35 40.52
1999 1047076 2.44 3.2 38.87
2000 1122064 2.3 3.39 40.32
2001 1201787 2.06 2.1 41.75
2002 1280234 2.04 0.79 33.98
2003 13661s9 1.95 1.17 29.89
Table 2.1: Casualties of motorcycle crashes in Pulau Pinang from year 1998 to 2003
Year
Motorcyclist Pillion Rider
TotalDead Seriously Injured Lightly Injured Dead Seriously Injured Lightly Injured
1998 250 269 3560 33 58 362 4532
1999 233 292 3828 23 43 242 4661
2000 230 338 4324 28 42 200 5162
2001 223 217 486't 24 35 155 5515
2002 236 89 4219 25 12 131 4712
2003 247 139 391 8 20 21 166 4511
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CHAPTER 3
METHODOLOGY
3.{ Introduction
Figure 3.1 below shows the flow chart of the study methodology undertaken for the study.
Literature Review
Journals, Books, Reports, etc.
Parameters I dentifi cation
uestic
ation of
rnnaires Secondary dirta collection
stration data
ic data
rmic data
Y9rrrvrg t9Yl
Demooranh
Giving ouU Collection of
rnnaires
- Socio-econr
Data Analysis
Generation of Motorcycle
Ownership Model
ModelAnalysis
Conclusion
Figure 3.{: Flow chart of case study methodology
The first step in developing the motorcycle ownership model is to do a thorough literature review.
Literature reviews were conducted by gathering information from the internet and from the library.
Besides that, established engineering related reference books and magazines were also referred.
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During the interview, Revealed Preference (RP) data and Stated Preference (Sp) data were
collected from the respondents. RP data is based on the actual respondent's behavior which can
represent the trend of most motorcyclists. While, SP data is based on the respondent,s opinion and
idea which can be incorporated into future planning. The questionnaire consists of two pages of
questions, divide into three sections. In the first section, personal detail data such as gender, race,
age, marital status, occupation, monthly income, residential location, hometown, motorcycle and
car ownership data, education background, involvement in motorcycle accident, willingness to sell
motorcycle if they buy a car, willingness to buy a motorcycle if they own a car, commuting purpose,
destination and distance traveled using either car or motorcycle or both were asked.
In the subsequent section, household information was collected. The household data such as
number of family members that reside together, does the respondent live with family, total
household monthly income, leader in family and does the leader owned a motorcycle license. Apart
from that, total numbers of motorcycle and car owned by family members, total numbers of family
members with car and motorcycle license and the principal transportation mode in the famiry were
also asked.
In the third section, vehicle ownership and usage data were collected. Monthly expenses on
transportation, number of vehicle personally owned, the capacity and type of motorcycle owned
(new or used motorcycle) as well as major factor influencing the decision to purchase either a
motorcycle or a car. Lastly, Five-Point Likert scale questions on opiniofi of pulau pinang such as
traffic condition, behavior of motorcyclists, behavior of drivers, road condition and road
infrastructures for motorcyclists were also asked.
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Multinomial logistic regression was chosen because the dependent variable is "limited,' which
means participating data is not continuous or distributed normally. The main goal of multinomial
logistic regression is to establish a relationship, expressed via an equation for predicting typical
values of one variable given the value of few independent variables. Disaggregate choice models
using multinomial logistic regression for motorcycle ownership was developed for individual
motorcycle ownership and household motorcycle ownership. This is to show and understand the
differences of explanatory variables used to develop the individual motorcycle ownership and
household motorcycle ownership models.
In addition to predicting the outcome variable for a new sample of data, regression analysis serves
other purposes such as to assess how well the dependent variable can be explained by the value
of the independent variable (or a set of independent variables). Besides, it is to identify which
subset from many measures is most etfective for estimating the dependent variable. There are
varieties of strategies for finding a good model which best represent a set of data. The strategies
vary accordingly to the selection methods for controlling the entry or removal of independent
variables from the regression modql such as forward selection, backward elimination and stepwise
selection. The models that result from these methods may differ, especially when the independent
variables are highly intercorrelated.
Backward elimination method was applied to control the removal of independent variables from the
regression of motorcycle ownership model. Logistic regression begins with all selected candidate
variables in the model and at each step, removes the least useful predictor (the most insignificant
independent variable). Variables are removed until an established criterion for the insignificant no
longer hold. The aspects to variable selection are selecting the dimensionality of the model and
evaluating each model selected. There is no specific test available to determine the dimensionality
of the best model. lf there are too many variables included in the model, a statistical problem
known as overfitting may occur. Such a model will perform poorly when applied to a new sample
drawn from the same population. That is the size of the correlation between the predicted and
observed values of the dependent variables (Pseudo R-squared) is much smaller for the new
sample than for the original sample.
The variables used in the individual motorcycle ownership model are age, gender, race, marital
status, occupation, monthly income, education background and percentage of monthly income
spent on transportation. The variables used to develop the household motorcycles ownership are
numbers of family members that reside together, total monthly income of all family members,
numbers of car owned by the family members, numbers of family members with car license and
motorcycle license, does the family leader with motorcycle license and the primary mode of
transportation of the family. Various analysis using ditferent combinations of explanatory variables
where
P = The predicted probability for the initial model
M = The maximum likelihood estimate of the model
L = Conditional Log-Likelihood
Maximum likelihood is a method used to estimate the logistic regression parameters. lt yields
values for the unknown parameters that maximize the probability of obtaining the observed set of
data. Apart from that, Chi-Square test statistics were used to determine if the overall model is
statistically significant. The overall model is statistically significant if the Chi-Square, ;f that was
calculated is approximately equal to the number of data points, k The bigger Chi-Square statistics
indicates that the overall model is highly statistically significant. lf Chi-Square is bigger than
expected then something is wrong with the analysis. Below is the Chi-Square's equation:
x2 =@'-{)' *\*r-{)' *o- 6-
-$ (x, - tt)'Ho'
(*o 
- 
p)'
6'
(2.4)
Lastly, after the development of the models, significant parameters affecting motorcycles
ownership were identified and parameters that do not have a significant impact on the motorcycles
ownership will be excluded from the model.
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CHAPTER 4
RESULTS AND DISCUSSION
4.1 Gharacteristics of Survey Data
Data from a total of 848 respondents were collected through out the surveys conducted on the
island of Pulau Pinang. Upon discarding the uncompleted surveys as well as surveys with too
much confusing data or data with errors, 735 surveys were retained for an overall response rate of
86'7 o/o' The target group of the surveys is those who own motorcycle in the island of pulau pinang.
4.1.1 Individual Data
Table 4'1 shows the number of motorcycles own by all respondents. All respondents own at least 1
motorcycle and majority own only a motorcycle. Respondents who own 2 or more motorcycles are
those married and have their own family. Most probably the extra motorcycles are for their family
members' usage. The mean motorcycle ownership for the survey is 1.07 motorcycles per person.
Table 4.1: Number of motorcycles owned by respondents
No. of Motorcycle Count o/o
0 176 23.95
1 5'14 69.93
2 or more 45 6.12
Total 735 100.00
Table 4'2 and Table 4'3 show the number and percentage of two motorcycles ownership levels
stratified by race and age respectively. Based on table 4.2 and 4.3, majority of motorcycle owners
are Chinese and Malays in the range of 20 to 29 years old. Less senior citizens w1h the age 60
and above own motorcycle because motorcycle is a high maneuver vehicle and it is dangerous if a
senior citizen riding on road due to the low efficiency in riding. The minimum age of respondents
who owned motorcycle is 17 years old while the oldest is z3 years old. The average age of
motorcycles ownership is 40 years old.
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group' The usage of motorcycle suits the living standard of lower and medium-income earners.
Apart from that, motorcycle is the cheapest private vehicle in term of price, fuel consumption,
maintenances and toll. While, higher income group earners tend to own better vehicles such as car
and multi purpose vehicle which suit their living standard and social status.
Table 4.5: Number and percentage of two motorcycles ownership levels stratified by
Figure 4.'t Shows the trend of vehicle ownership of respondents in Pulau pinang. Most of the
respondents only own motorcycle qith 41.6%, 34.4o/o of the respondents own both motorcycle and
car, 18.9o/o of the respondents only own car and 5o/o of the respondents do not own any private
vehicles. Respondents who own both motorcycle and car are from those married and with family
members. Car is the alternative for theirfamily activities.
Vehicles ownership Own
motorcycle but
do notown
any car, 41 .60/o
Do not own
motorcycle but
own car,
18.9%
Do notown
any
motorc)cle or
car,5.0%
Orun
motorcy4e and
own car,
34.40/o
Figure 4.1: Trend of vehicle ownership
Figure 4,2 shows the relationship between motorcycles and cars ownership with different income
level. Results show that majority respondents from the low and medium-income groups usually
owned motorcycle and no car. Whib most respondents from the higher income level owned both
perconal monthly income
Motorcycle
Ownership
Monthly income
<RM1000 RM1001-
RM1500
RM1501-
RM2500
RM2501-
RM5000 > RM 5001
Count % Gount o/o Count o/o Count o/o Count o/o
0 34 13.4o/o 60 23.5o/o 53 33.8% 22 39.37o 7 53.8%
1 211 83.1o/o 182 71.4o/o 90 57.3% 26 46.4o/o 5 38.5%
2 or more 9 3.5o/o 13 5.1o/o 14 8.9% I 14.3o/o 1 7.7o/o
Total 254 100.07o 255 100.0% 157 100.0% 56 100.0olo 13 100.0%
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Figure 4.4: Car usage
Figure 4'5 shows the daily commuting distance for car trips and motorcycle trips. Majority of the
respondents travel less than 10km which means most of the respondents lpe on island and near
their workplace. Less motorcyclist respondents travel more than 20km daily. Those respondents
who travel more than 30km are those who travel from mainland to the island for work purposes.
While for most car owners, they also travel about the distance of motorcyclists. None of the
respondents make car trip more than 50km.
Dally commutlng dlst€nco
50.0%
40,0%
oBE5 so.o"6U
o
o.
20.0%
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Dletancc
41-50km >50km
Figure 4.5: Daily commuting distance
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Figure 4.7: Total monthly household income
Figure 4'8 shows the total number of motorcycles in the households. Majority of the households
owned 1 to 2 motorcycles and the average number of motorcycles in a household is 1.6g
motorcycles per household.
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Figure 4.8: Total number of motorcycles in household
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Figure 4.10: Total number of carc in household
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Figure 4.11: Total number of car license hotders in household
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4.1.3 Vehicle Ownenship and Usage
Figure 4.14 shows the percentage of monthly income spent on transportation. Majority of the
respondents spend about 10olo to 20o/o of their monthly income on transportation follows by 21o/o to
30%' Most of the respondents who spent so much of their monthly income on transportation is
mainly due to the rapid increase in fuel price and some respondents are having 2 or more
motorcycles in which the extra motorcycles are for their other family members. The monthly
expenses on transportation are expected to increase due to the increase in fuel price by RMO.30
per litre on the 28th of February 2006 by the Malaysian Government.
Honty.)ecngaa on tansportduon
70.00%
60.00%
50.0096
$-no.oo*toI
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Figure 4.14: Monthly expenses on transportation
Table 4.6 shows the number and percentage of motorcycles ownership stratified by car ownership.
Based on a total of 735 respondents, 392 respondents owned at least 1 car. Most of the
respondents own at least one motorcycle but do not own car. While respondents who own 2 or
more cars are low in motorcycle ownership. This shows that respondents with higher income level
tend to own cars compare to motorcycle which suits their social status. From the survey conducted,
a total of 599 (81.5%) respondents have cardriving licenses. The mean of carownership is 0.61
cars per person. From the survey, the main usage of car is for family purposes such as sending
children to school and shopping. Most of the respondent who owned at least one car agreed that
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)Capacity of motocycles owned
11.3o/o 0.7o/o
88.0%
Figure 4.15: The capacity of motorcycle owned
Figure 4.16 shows the other factors that influenced motorcycles ownership. Ineffective public
transport in Pulau Pinang is one of the main reasons that influence respondents to own a
motorcycle. From the questionnaire survey conducted, the main factors that influence motorcycles
ownership are motorcycle is easy to maneuver, save time and more convenient especially during
traffic congestions.
Factor* of ovning m*torrydes
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Fsctor no.:
1 = Ine{'eclive public lranspodetion
2 = Cannot afford to own a car/ motorcycle b dreaper and more affordable
3 = Save rnore fuel es compared lo a car and toll c*largas are cheaper
4 = More comsnient and sve lime especially during tiaffic jems
5 =Walking or cycling is dangerous
6 = Good road irfrastruciures and nativorkr such as providing exclusive matorcycle lanee at highways
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Figure 4.16: Factors influencing motorcycles ownership
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problems in Pulau Pinang such as bad traffic condition, radical behaviour of motorcyclists and
drivers. Effective countermeasures can enhance better road safety and will reduce the numbers of
road accidents that occurring in the island annually. This will minimize the total losses on road
accidents in the state especially in term of human capital losses.
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3 = Road Condition
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5 = Road Infrasfructres For Motorcyclists
Figure 4.18: Traffic and road condition of pulau pinang
4.2 Modelling of Motorcycles Ownership
lnitially, an attempt was made to develop an aggregate model of motorcycle ownership based on
time series data such as vehicles registration data, population data and Gross Domestic product
(GDP). Two of the best models developed were power model and multiple linear regression
models as shown in Figure 4.19. Based on the R-squared values of both of the models, the
multiple linear regression model yields better results. However, there were some uncertainties in
the motorcycle ownership trend that cannot be explained by both the models especially in the
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Table 4.7: Individual motorcyctes ownenship results
Varlablo De*rlpdon CosffiderrG slu.
Ahernafv+ sotHilme
2 plus motorcycles
Ahsmatlw *pociff c vlriahlo*
Age, 1 motorcycle alt.
Salary <RM 1m0, 1 motorcycle alt.
Salary > RM 2fl11, 1 motorcycle ah.
Owning I car.1 motorcycle alt.
Owning 2 or more cars, 1 motorcycle alt.
Male gender, 1 plus motorcycles ah.
-1.m10 6.21E{t7
0.0s8
0.5m
-tl.6984
0.u144
0.ffF6
u.0278
-1.ffig 1.t14E-13
-2.4138 1.58E-r17
1.5258 4.ffiE-13
;: :::: !t.ni!!El'llumber of obseruadsn: 735
rG)
0.310
Table 4.7 shows the individual motorcycles ownership model. The value of Chi-square test is
202'741.In Table 4.7, only parameters with significance values less than 0.0S (at 95% confidence
interval) were shown. lf the significance level is small (less than 0.05) then the parameter is
different from 0. Therefore parameters with significance values more than 0.05 were removed from
the model.
ln this model, upon conducting various analyses using different combinations of income groups, it
can be concluded that only 3 income groups that are significant. They are the low income
(<RM1000), medium income (RM1001 
- 
RM 1500 & RM1501- RM 2500) and high income (>RM
2501). Besides that, groups that are significant for car ownership 1 car ownership and 2 plus cars
ownership with no car ownership as the reference. Parameters with positive coefficients increase
the likelihood of that response category and parameters with significant negative coefficients
decrease the likelihood of that response category with respect to the reference category. Based on
Table 4.7, positive coefficient is observed for the lower income group (below RM1SOO) of the 1
motorcycle alternative, this shows that individual with a monthly income of less than RM1000 is
more likely to own a motorcycle. This situation occurred because motorcycle is the cheapest
private vehicle and suits the living standard of individualfrom the low income group. However, for
the high income group (above RM 2501), negative coefficient is observed which means that it is
very unlikely for the higher income group to purchase a motorcycle as they would prefer to
purchase a car instead. This is also being reflected in the negative coefficients observed for the
car ownership variables. As for the gender variable, positive coefficients were observed for the
male variable of both the 1 motorcycle ownership and 2 or more motorcycles ownership indicating
that the male gender is more likely to own at least one motorcycle.
?fJz.711
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IBased on the results shown in Table 4.8, the coefficient for the low income earner which is less
than RM 1000 is signfficantly positive for 1 motorcycle ownership as well as for 2 motorcycles
ownership alternatives. This show that the lower income group tends to purchase either one or two
motorcycles. On the other hand, the coefficients for the medium income group are significanly
positive for the two motorcycles ownership, indicating that the medium income group is more likely
to purchase two motorcycles. As for the high income group, the coefficient is only significanly
positive for the 3 or more motorcycles ownership alternative, indicating that this group can afford to
own more motorcycles especially as a secondary mode of transport. ln addition, the value of
coefficient for two and more cars ownership which is significantly negative for the 3 or more
motorcycle ownership alternative indicates that the likelihood of owning more motorcycles
decreases when there are already 2 or more cars in a household.
The number of car and motorcycle license holder in a household also influences the likelihood of
owning a motorcycle. The coefficients for all the car license holder categories are significanly
negative for most of the alternatives indicating that as long as there are household members that
have a car license, the likelihood of owning any motorcycle decreases. On the contrary, if the
number of motorcycles license holder increases, the likelihood of owning at least one motorcycle
increases significantly. However, the negative coefficients member variables show that the
likelihood of owning any motorcycle decreases when the household have 2 and more family
members. This may due to the fact that family members prefer to purchase a car rather than a
motorcycle. The pseudo R2 for the model which is 0.650 indicating-that it is a good model fit.
Disaggregate choice model for individual motorcycles ownership and household motorcycles
ownership generated with the application of statistical analysis shows that monthly income and car
ownership are the two main parameters that influenced motorcycles ownership. Based on the
survey conducted, motorcycles will continue to be one of the major modes of transportation in the
near future especially among the low and middle income group people. Therefore, development of
a motorcycle ownership model based on local travel demand is essential in order to have a better
understanding on the trend of motorcycles ownership and the nature of motorcycle travel demand.
By having this information, a better perspective to the future planning and development of traffic
system could be carried out. This will assist in the identification of suitable strategies and
countermeasure to address motorcycles traffic issues thus improving the safety and performance
of traffic system in Malaysia.
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5.3 Recommendations for further study
Some recommendations are made to further improve the study. They are as follows:
' Questionnaire surveys should be carried out at different time (morning, afternoon, night) and
all planned zones on the island of Pulau Pinang. This is to gain a better coverage of
information from respondents of the whole pulau pinang.
' An exhaustive study on the bus services (stage buses and mini buses) in Pulau pinang and its ridership
issues should be carried out in order to identify and evaluate the bus services in pulau pinang as the
performance of public bus services will have significant impact on motorcycles ownership.
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